a PhЈ, Philadelphia chromosome studied by conventional cytogenetics and fluorescence in situ hybridization with BCR/ABL probe. N, normal; ↓, low; LAP, leukocyte alkaline phosphatase. 
TO THE EDITOR
The human leukemic U937 cell line has been widely used to study neoplasia, cancer therapeutics, cell differentiation, and HIV infections. It has been previously found by limiting dilution cloning that some U937 subclones (plus clones) support HIV replication efficiently and some (minus clones) do not. 1 Based on the more mature phenotype of the minus clones and observations that telomerase activity declines during cell maturation in humans 2 we hypothesized that they are in a more 'differentiated' state than the plus clones and therefore their telomerase activity would be lower than that of the plus cells. Here, we report the striking difference between plus and minus U937 clones in their telomerase activity, telomere length, apoptosis, growth rate and gene expression, but similarity in the rate of their division as measured by BrdU incorporation (Tables 1 and 2 and cell division in these cells, a potential role for Ets1 and Ets2 in telomerase activity regulation, and the existence of another yet to be identified pathway(s) of Id2 and telomerase regulation, which is currently under investigation. Thus minus and plus clones could be used as a model system to study regulation of telomerase and other differentiation-related genes in leukemic cells, and their gene expression profiling could help in elucidation of the role of telomerase and other cancer-related genes for progression of cancer in leukemias.
In an attempt to elucidate the mechanism of differential telomerase activity regulation in the two subclones we evaluated the role of cMyc/Mad1 by Western blotting and RT PCR. We found positive correlation of telomerase activity with c-Myc/Max expression and negative with Mad1 (Table 1) . Furthermore, differentiation agents modulating c-Myc level altered telomerase activity in a parallel fashion, suggesting a role for the c-Myc pathway in telomerase regulation (data not shown). This is in agreement with data for HL60 cells 3 demonstrating the importance of the c-Myc/Max/Mad1 interplay for telomerase regulation in leukemia cell lines.
To find other genes that are differentially expressed in the minus and plus clones, and may have a role in the regulation of cell growth and telomerase activity, we measured the gene expression profiles of minus and plus clones. The samples were duplicated and only those 684 genes that have statistically significant differences (t-test, P Ͻ 0.05) and positive calls (P following the Affymetrix notation for presence) for the two replicates of one of the clones were considered. Of these genes 27 and 14 were more than five-fold (Table 2) , and 156 and 238 genes were more than two-fold up-regulated or downregulated in clone 17 relative to clone 10, respectively. The differentially regulated genes are involved in a variety of cell functions including proliferation, differentiation and apoptosis, cytoskeletal organization, enzymatic activities and signaling through receptors ( Table 2) . The mRNA of c-Myc, Mad1 and Sp1 was about two-to three-fold differentially expressed in agreement with the results from the Western blotting and mRNA RT PCR. The level of hTERT mRNA was below the level of detection of the oligonucleotide microarray for both plus and minus cells. Three of the genes which were previously shown to be highly expressed in the minus clones, 1 cathepsin G, elastase and proteinase 3, were absent in the plus cells and highly expressed in the minus cells (above 1000 relative units). These results demonstrate that for these particular clones and genes the microarray data are in agreement with the data obtained by Western blotting and mRNA PCR. Of those genes which are detectable in both plus and minus cells the most highly up-regulated gene in the minus clones was Id2 -about 50-fold. These results suggested a role of Id proteins in the distinct properties of minus cells.
Id proteins do not bind DNA directly but often participate actively in transcriptional regulation by interacting with members of the Ets family proteins. More than 30 Ets members have been identified that regulate directly more than 200 targets involved in multiple cellular events, including cell differentiation and proliferation, 4 and cell senescence through the p16-dependent pathway. 5 To find whether c-Myc and Ets proteins regulate telomerase expression through direct association with its promoter or by indirect mechanisms we used an EMSA assay and a PCR-based methodology. By using the EMSA assay we did not observe binding of c-Myc to the hTERT promoter although cMyc was abundant in nuclear extracts from plus cells (data not shown). This was not surprising because other investigators also failed to detect c-Myc-hTERT promoter interactions by EMSA except for an in vitro expressed c-Myc bound to DNA with the addition of purified Max; 6 in addition, c-Myc bound to the hTERT promoter 7 was detected by CHIP. However, another transcrpition factor, Sp1, bound specifically to the hTERT promoter, as shown by the super-shift created with an anti-Sp1 antibody (data not shown). There was significantly more Sp1 binding in nuclear extract from plus cells than from minus cells (data not shown) which correlated with the amount of Sp1 estimated by Western blotting. This suggested that the EMSA assay was working properly but the failure to detect c-Myc binding was likely due to its weak association with both Max and DNA leading to its disassociation from Max and eventually DNA during the gel analysis step. To detect the c-Myc-DNA interaction for our experimental system we used a sensitive PCR-based assay that does not involve gel electrophoresis steps (Xiao and Dimitrov, in preparation). Because immunoprecipitated c-Myc remains associated with Max in very mild lysis buffer, it should retain its native conformation and DNA-binding ability. The bound DNA then can be amplified by PCR amplification and detected by standard agarose gel analysis. By using this assay we demonstrated direct association of the hTERT promoter with c-Myc and Sp1 in lysates from plus cells, and Mad1 in lysates from minus cells (data not shown). The respective binding of c-Myc and Sp1 in lysates from minus and Mad1 in lysates from plus cells was significantly lower. Weak binding by Ets1 and Ets2 was also detected, but there was no significant difference in their binding to hTERT promoter between plus and minus cells. Figure 1 shows specific Ets2 binding to the hTERT promoter. Different antibodies, irrelevant protein (BSA), and cell lysates from different cell lines were used as negative controls. Whenever possible, binding by in vitro expressed and purified protein was used to validate the data from the PCR-based assay as, eg, for Ets1 and Ets 2 (data not shown). These data provided evidence that direct association of c-Myc, Mad1 and Sp1 with the hTERT promoter is a likely mechanism of telomerase regulation in U937 cells. The finding that Ets1 and Ets2 bind to the hTERT promoter also suggests that these transcription factors might be involved in telomerase activity regulation, but are unlikely to be responsible for the major differences between plus and minus cells.
The identification of U937 clones with strikingly different telomerase activity, and differential expression of Id and Ets family proteins but similar division rates provided a unique model system to study regulation of telomerase, and other differentiation and cancer-related genes. We provided evidence that c-Myc/Mad1 and Sp1 are likely the major factors regulating the telomerase activity in these subclones, and demonstrated a possible molecular mechanism involving their direct binding to the telomerase promoter. We also found that Ets1 and Ets2 bind specifically to the hTERT promoter suggesting possible role of these protein families in regulating telomerase activities. Even though Ets1 and Ets2 might not contribute to the striking different telomerase activities in the plus and minus subclones, we can not rule out the potential role of other Ets family members due to their differential binding affinity to EBS within hTERT, and to Id family proteins. A general picture is emerging about the complex, in many cases redun- The ratio of signals from plus to minus cells is in ( ) parentheses. The Genebank accession numbers are shown in parentheses. All gene names are from the GeneCard database.
dant, interrelationships between numerous regulators, which can affect U937 cell fate in multiple ways even for very similar clones. 
